We generated 16,993 expressed sequence tags (ESTs) from two libraries containing full-length cDNAs from the brain and liver of the Korean Jindo dog. An additional 365,909 ESTs from other dog breeds were identified from the NCBI dbEST database, and all ESTs were clustered into 28,514 consensus sequences using StackPack. We selected the 7,305 consensus sequences that could be assembled from at least five ESTs and estimated that 12,533 high-quality single nucleotide polymorphisms (SNPs) were present in 97,835 putative SNPs from the 7,305 consensus sequences. We identified 58 Jindo dog-specific SNPs in comparison to other breeds and predicted seven synonymous SNPs and ten non-synonymous SNPs. Using PolyPhen, a program that predicts changes in protein structure and potential effects on protein function caused by amino acid substitutions, three of the non-synonymous SNPs were predicted to result in changes in protein function for proteins expressed by three different genes (TUSC3, ITIH2, and NAT2). [BMB reports 2011; 44(4): 238-243]
INTRODUCTION
The dog was the first domesticated mammal (1) and has had a close relationship with humans for the past 15,000 years. Canines have many domesticated roles, including hunting, working, herding, and companionship (2) . Currently, there are more than 300 breeds worldwide, with vast differences in size, shape, and specific behaviors (2) . Breeds exhibit many distinct phenotypes, and their traits are largely controlled genetically. In recent years, dogs have become increasingly important as models for human disease due to several advantages. First, dogs generally live in the same environment as their owner, sharing living space and food. Second, dogs and humans share susceptibility to many diseases, including cancers, blindness, cataracts, deafness, epilepsy, heart disease, and genetic disorders and often exhibit symptoms similar to humans (3) . Moreover, some diseases can be treated more easily in dogs than in humans (3) . Finally, dogs often have a high level of health care, and the canine lifespan is more than five-fold shorter than that of humans, making dogs excellent model organisms. The complete genome sequence of the domestic dog (Build 2.0) was publicly released in 2005, and was drafted from the DNA sequence of a female Boxer (4) . Sequencing was initiated in July 2004 at the Broad Institute of MIT/Harvard and Agencourt Bioscience. This consortium reported an initial compendium of single-nucleotide polymorphisms (SNPs) for the dog population, compiled by comparing draft sequences with sequences from 11 other dog breeds (3). They discovered SNPs by aligning contigs from other species to the Boxer draft sequences (3) . Expressed sequence tags (ESTs) are a rapid and cost-effective method for describing a large number of genetic loci, particularly for comparing species-, tissue-, and organism-specific sequences without fully available sequence information (5). ESTs do not include introns or regions between genes and only include expressed genes. SNPs present in ESTs have several advantages for use as genetic markers. First, phenotypic frequency calculations are easily performed in any population, as SNPs exhibit di-allelic phenotypic variation (6-9), Second, SNPs are generally more stable markers and are present at higher frequencies than repeat markers (6, 10) . Finally, computer analysis systems have been developed to analyze any type of SNP (6, 11) . SNP-based analyses have been used to assess many individual genetic characteristics in canines, including coat variation (12), behavior (13) (14) (15) , and sensitive traits such as smell (16) . The Jindo dog originated on Jindo Island in Korea and is protected as Korea's 53rd natural monument. Korean Jindo dogs are often used for hunting due to their bravery and loyalty. Approximately ten types of Jindo dogs exist, and they can be classified by their coat colors, which are generally yellow or http://bmbreports.org BMB reports white but can also be black and feature variations such as a white spot above each eye. The Jindo dog is widely considered an excellent breed; however, few studies have explored its genetics and EST sequences. Therefore, we characterized the ESTs of the Jindo dog using several methods and detected EST-based putative SNPs using PolyBayes. We annotated these potential SNPs by comparing them to NCBI's dbSNP database and the UniProt database. Finally, we identified putative Jindo dog-specific SNPs. Our results provide support for further studies exploring the genetic variation and diversity of dog breeds (2) .
RESULTS AND DISCUSSION

EST identification and statistics
We obtained 16 
Functional annotation and gene identification
Consensus coding sequence (CCDS) regions were identified from the ESTs using BLASTX comparisons between the human and dog. A total of 13,703 human and 13,481 dog were matched CCDSs. The fullness was from the matched CCDS 7,827 (57%) of human and 9,071 (67%) of dog.
The Jindo dog transcripts were aligned against the canine whole genome (Build 2.0) using BLAT (the BLAST-like alignment tool). These results were used to predict the location of genes encoding the Jindo dog transcripts in the whole canine genome. We applied a cutoff of 95% identity and 95% coverage for similar sequences. The most frequently aligned chromosome was chromosome 13, and the most infrequently aligned was chromosome 19. We compared the biasness of brain and liver chromosomes with other dog breeds using the dbEST database (18) (Fig. 1 ). Fig. 1 shows the distributions of other dog breed ESTs mapped on each of the chromosomes. The red bar shows the total ESTs mapped to each chromosomes, and the blue bar shows those mapped and expressed on each tissue and chromosome.
We performed alignments with mammalian sequences from the Uniprot database using BLASTX (E-value ≤ 1 × 10
) for the 4,475 annotated contigs. This alignment showed contigs with the most assembled ESTs, the identified genes, and their descriptions. The average number of consisted ESTs was nine ESTs and the most frequent number of ESTs in contigs was 2-3 ESTs. The most assembled contig was contig 1369, which consisted of 1,250 ESTs. Contig 1369 was similar to the gene for serum albumin (UniProtId: P49822 We also functionally annotated three of the categories on the second level of the gene ontology tree constructed using high similarity and compared them with the UniProt databases. Table S1 presents 34 significant gene ontology terms, including eight in the cellular component category, ten in the molecular function category, and 16 in the biological process category (5). Fig. 2 shows the highest frequency gene ontology terms identified in each category. Cell binding and cellular processes had the largest number of ESTs in terms of the cellular component, molecular function, and biology process categories.
SNP identification and analysis
We predicted 97,835 potential SNPs from the selected consensus sequences. We selected 12,533 high-quality SNPs (with more than four depths and double hits). From these, we estimated that 58 were Jindo dog-specific by comparing them to other breeds. We analyzed these SNPs against the Uniprot database using BLASTX. Table 1 shows data regarding the Jindo dog-specific SNPs, including the predicted SNP position in the genome and allele information. From the 58 Jindo-specific SNPs, we predicted seven synonymous coding SNPs (cSNPs) and ten non-synonymous cSNPs, which changed the amino acids found in the CDS regions (13) . Additionally, nine non-synonymous cSNPs were identified from genes in the UniProt database. Using PolyPhen, a program that predicts changes in protein structure or function caused by amino acid substitutions, three of the non-synonymous SNPs were predicted to potentially affect protein structure or function (cn3238 and cn5258: probably damaging, cn4569: possibly damaging). The remaining SNPs were benign, based on multiple alignments of all SNPs. Our analysis showed that various effects on protein stability were responsible for the accumulation of slightly deleterious non-synonymous SNPs in Jindo dog-specific genes. In Table 2 , we describe three non-synonymous SNPs predicted to have deleterious effects on protein function. These SNPs resided within ITIH2, NAT5, and TUSC3. The inter-α-trypsin inhibitors (ITI) are a family of plasma protease inhibitors that contribute to extracellular matrix stability by covalently linking to hyaluronan. ITI complexes are assembled from a light chain (bikunin, encoded by AMBP) and five homologous heavy chains (encoded by ITIH1, ITIH2, ITIH3, ITIH4, and ITIH5) . Thus, ITIH molecules play a particularly important role in in-flammation and carcinogenesis (19) . ITIH2 has been identified by biochemical fractionation studies and exists both as a single protein and in a bikunin-bound form. A reduction in ITIH2 expression correlates with brain tumor progression, and targeting factors responsible for ITIH2 loss or exogenous restoration of ITIH2 expression could serve as a potential therapeutic strategy for treating a variety of central nervous system tumors (13) . N-acetyltransferases (NATs) are key enzymes involved in the conjugation of certain drugs and xenobiotics with an arylamine structure (20) . NAT5 belongs to the acetyltransferase family, specifically to the ARD1 subfamily. A sequence alignment revealed a high degree of similarity in NAT5 proteins among species, supporting its conserved role as a part of the hARD1-NATH complex. Human NAT5 (hNAT5) is the third component in this complex. Protein acetyltransferases and deacetylases have been implicated in tumorigenesis, apoptosis, and cell cycle regulation. TUSC3 is a candidate tumor suppressor gene. It is located within a homozygous deleted region in metastatic prostate cancer and is expressed in most non-lymphoid human tissues, including prostate, lung, liver, and colon. TUSC3 expression has also been detected in many epithelial tumor cell lines. Two transcript variants encoding distinct isoforms have been identified for this gene. These data could help identify novel or uncharacterized genes for elucidating basic canine genomics by contributing to the number of identified Jindo dog SNPs and ESTs. Since the dog genome was sequenced, an increasing number of studies involving genetic research on dogs have been conducted to understand canine gene function. Our study provides powerful analytical tools for conducting genetic polymorphism analyses in canines. Studies in Jindo dogs and in other domestic animals will expand our basic knowledge of the genetic control of traits. These results can then be used to improve desired traits and to reduce the incidence of disease. The present study provides an essential first step toward establishing an interactive network for gene identification and expression patterns suitable for functional genetics, comparative genomics, and evolutionary analyses of genes and gene families involved in the developmental and degenerative processes of the brain and liver. With the growth of public SNP data and improvements in the quality of SNP databases, functional genetics using SNPs could play an important role in furthering our understanding of the inheritance and composition of canine phenotypes.
MATERIALS AND METHODS
Sample preparation and total RNA isolation
Liver and brain tissue of three Korean Jindo dogs was excised immediately after euthanasia, snap frozen in liquid nitrogen, and stored at −70 o C until RNA extraction. Total RNA was extracted from all samples using an RNeasy Lipid Tissue Midi kit (Qiagen, Valencia, CA, USA), according to the manufacturer's instructions.
Full-length cDNA library construction and cDNA sequencing
We constructed full-length enriched cDNA libraries from a large amount of mRNA (21-23 
Data preparation and preprocessing
We downloaded the entire canine genome sequence databases from UCSC and NCBI (Build 2.0). We also downloaded canine ESTs and SNPs from the dbEST (accession: U39396-AJ407864) database and the dbSNP (Build 131) database at NCBI. We generated 20,899 ESTs from Jindo-dog brain and liver cDNA libraries and performed EST pre-processing to remove redundancy data and to obtain high-quality sequences. The ESTs were base-called from chromat files using PHRED (24) and then were trimmed over than 0.05 of base call error probability rate. The sequences were clipped for vector sequences using cross-match and were masked using Repeat Masker (25) . We used the default options in this program. The parameters for the Cross match program were "cross_match -canine_ests.raw −pCNS-D2 −minmatch 12 −minscore 20 −screen ＞ screen.out" and "Repeat maskers was RepeatMasker −q −x −species dog canine_ests.seq". The registered accession numbers from the NCBI dbEST database were GR885592-GR902300.
Gene ontology annotation and functional analysis
To determine the position of our transcripts on canine chromosomes, we aligned the canine ESTs, contigs, and singletons using BLAT (26) against the entire canine genome (Build 2.0) in the UCSC database. To annotate our transcripts with Gene Ontology, we aligned our transcripts against 495,880 mammalian protein sequences from UniProt (release 15) database using BLASTX (27) with a cutoff of 1 × 10
. These identified ESTs were categorized to the second level in each of three categories (biological processes, molecular functions, cellular components) using the database at the Gene Ontology Consortium website (http://geneontology.org/). Fisher's exact test was used to test if function bias existed in the ESTs. As there was a multiple test problem, the false discovery rate correction was applied for the test. Results of multiple tests can result in an unexpected number of type I errors.
SNP detection and possible amino acid changes
To identify SNPs from the EST database, we clustered the ESTs and added other dog-breed EST data from the dbEST database using the StackPack program (28) . We selected 7,305 consensus sequences that consisted of at least five ESTs from 28,514 consensus sequences. We detected SNPs from the used the consensus sequences using PolyBayes program. The PolyBayes is an anchored multiple sequences alignment program (29) . We determined high-quality SNPs with at least a depth of four. We detected Jindo-dog specific SNPs against ESTs of other breeds from these high-quality SNPs. Flanking SNP sequences were mapped against the canine genome sequences using the BLAT program to determine the genomic position of the putative SNPs. We defined the CDS region from a six frame translation (30) and the cSNPs. We further analyzed the SNPs showing only Jindo-dog ESTs and defined synonymous and non synonymous SNPs (31) . The damaging effect of amino acid substitutions were predicted from SNPs using PolyPhen (13, 30) . PolyPhen predicts functional effects or structures using non synonymous SNPs (13) .
